presents the magnetic field attenuation with respect to the sweeping frequency and the corresponding phase shift that the field inside the collector has. For every case the phase shift is measured having as reference the direction of the magnetic field in the center of the the coil that is consider to be the first one to get excited by current (Fig. 4) . It seems that the phase shift follows the increase of the attenuation and in all cases peaks around the frequency where the normalized magnetic flux is approximately 0.2, taking a value of approximately 65 degrees. It is quite interesting that in all cases an analytic expression for the phase shift can be derived, as shown in Fig. 5 . For example, taking into account all data points up to the phase shift maximum, one can describe the phase shift quite accurately using the expression φ = c  f  B(f), where c is a constant. A more accurate representation can be derived for a wider set of frequencies using the non-linear Nelder's fit. In this case the analytic expression covers in practice all sweeping frequencies that have an acceptable field attenuation.
Conclusion
The Transversal Frequency Sweeping System of a collector like cylinder was studied with CST Studio Suite. It was realized that the attenuation that is observed due to the induced eddy currents depends not only on the material conductance but also on the sweeping system. The magnetic field attenuation is accompanied by a phase shift, which has to be taken into account if a low frequency modulation is combined with the higher sweeping frequency. This phase shift can be described analytically for a wide frequency range.
Introduction
In MW-class CW gyrotrons, magnetic sweeping systems are used in order to distribute the strike point of the spent beam on a larger area of the collector and in this way keep the heat dissipation of the collector's surface within the technically acceptable limits [1] . Two types of sweeping systems are currently used, the Parallel Frequency Sweeping System (PFSS) and the Transversal Frequency Sweeping System (TFSS) [2] . In the first case, the sweeping coils surround the collector (Fig. 1a) , creating a harmonically varying magnetic field, which is coaxial with the gyrotron's static one. In the second case, the coils are distributed symmetrically around the collector (Fig. 1b) , creating a rotating magnetic field that is transverse to the static one. In both cases the periodic variation of the magnetic field induces eddy currents in the conductive walls, reducing in this way the efficiency of the sweeping system. The eddy current effect for PFSS can be studied using 2-D low frequency magnetic codes, such as the FEMM code [3] . On the contrary, a similar study for TFSS requires the use of a full 3-D code. In the present work, the eddy current effect on a simplified gyrotron collector TFSS is studied using CST Studio Suite [4] .
Sweeping systems comparison
It is of great importance to verify whether the oscillation plane of the sweeping magnetic field has any effect on the eddy currents that tend to cancel it. For this reason, we consider the two variations of a simplified collector model that is depicted in Fig. 1 and for different values of the sweeping frequency we calculate the relative attenuation of the magnetic field in the center of the sweeping coils for both systems. Fig. 2 shows that the PFSS results in greater attenuation of the magnetic field for both materials, which means that the attenuation depends the material conductivity as well as on the sweeping scheme too. In the case of TFSS for a collector made of stainless steel, the penetration of the magnetic field is approximately 10% larger.
TFSS Attenuation and Phase Shift
It has been realized experimentally that using the TFSS the power density of the lower beam returning points is nearly double that of the upper returning points [2] . This is due to several factors including the steeper incident angle of the beam, the narrower beam width and the longer resting time of the beam in the lower return position. The power density distribution can be enhanced even more, if the higher frequency sweep voltages applied to the coils are modulated with a lower frequency. In this case, it would be of interest to verify whether the different frequencies result in a different phase shift in the induced magnetic field. Tuesday, July 3, 12
